This retrospective study aims to analyze the relationship between biochemical changes occurring in newborns with sepsis proven by positive blood culture (BC) and possible correlations with 1 min Apgar score, 5 min Apgar score, gestational age (GA), and birth weight (BW). We included in the study all infants ≤7 days of life with positive BC that were admitted to the Neonatal Intensive Care Unit (NICU) and Neonatology Department (ND) of the County Emergency Clinical Hospital of Târgu Mureş, a tertiary level hospital, between 2014-2018. The analyzed parameters are: day of life for blood sampling (0-7 days of life), gender, Apgar score (1 and 5 minute), GA, BW, urea, creatinine, total bilirubin, direct bilirubin, aspartate aminotransferase (AST/GOT), alanine aminotransferase (ALT/GPT), c-reactive protein (CPR), bacteria involved, empiric antibiotics administered before blood sampling, temperature of the newborn on the day of BC. We found there is a statistically significant negative correlation between 1 and 5 min Apgar score and creatinine, between GA and urea and also between BW, GA and Direct Bilirubin. We found a statistically significant positive correlation between BW, GA and GPT.
Introduction
According to World Health Organization (WHO) in 2017, globally 2.5 million children died in the first month of life, approximately 7000 newborn deaths every day with about 1 million dying on the first day and close to 1 million dying within the next 6 days.
The most common causes are: preterm birth, intrapartum-related complications (birth asphyxia, lack of breathing at birth), infections and birth defects. The vast majority of newborn deaths take place in low and middle-income countries (WHO, 2018) . Annual neonatal mortality rates (NMRs, the probability of dying during the first 28 days of life) vary widely across the world, but west and Central Africa and South Asia had the highest NMRs while Western Europe has the lowest NMRs in 2017 (Hug et al., 2019) .
Acta Biologica Marisiensis
Neonatal sepsis is defined as a systemic infection (positive culture of blood, urine or cerebrospinal fluid) occurring in infants at ≤ 28 days of life. According to the time of onset of the disease, neonatal sepsis may be classified in early onset (EOS, defined as a positive culture during ≤3 days of life) and late onset (LOS, a positive culture >3 days of life) (Simonsen et al., 2014 ).
Materials and Methods
The study was approved by the Ethics Committee of the County Emergency Clinical Hospital of Târgu Mureş and it follows the Helsinki Declaration principles.
A 5 years retrospective study, from 2014-2018, was performed in June 2019, to evaluate the relationship between biochemical changes occurring in newborns with sepsis proven by positive blood culture (BC) and possible correlations with 1 min Apgar score, 5 min Apgar score, gestational age (GA), birth weight (BW).
Data were collected of all infants ≤7 days of life with positive BC that were admitted to the Neonatal Intensive Care Unit (NICU) and Neonatology Department (ND) of the County Emergency Clinical Hospital of Târgu Mureş, a tertiary level hospital.
The data were obtained by accessing the H3 electronic medical database and the laboratory records. Tracked parameters:
• general data: day of life that the blood sampling was performed (0-7 days of life), gender, Apgar score (1 and 5 minute), GA, BW • biochemical data: urea, creatinine, total bilirubin, direct bilirubin, aspartate aminotransferase (AST/GOT), alanine aminotransferase (ALT/GPT), c-reactive protein (CPR)
• microbiological data: positive BC, bacteria involved, empiric antibiotics administered before blood sampling, temperature at blood sampling for BC.
We set a maximum of 2 days between the biochemical analyses and the date of blood sampling for the BC.
Patients excluded:
• Microorganism considered to be contaminants:
Methylobacterium spp., Streptococcus mitis, Streptococcus oralis, Micrococcus luteus, Ochrobactrum anthropi and the association over 3 types of germs;
• A positive BC with coagulase-negative staphylococci (CoNS) and when in the comments of the microbiologist it was specified contamination, possible contamination or skin flora.
The data analysis included descriptive statistics elements (frequency, percentage, confidence interval 95%, mean, median, standard deviation) and inferential statistics. The D'Agostino & Pearson test was applied to determine the distribution of the analyzed data series. The Pearson correlation coefficient, respectively Spearman, was calculated. The significance threshold chosen for p was 0.05. The statistical analysis was performed using the GraphPad Prism 7 utility, the Trial variant.
Results and discussions
We identified 694 BC performed on first 7 days of life on neonates, which of 88 (12.68%) are positive, 26 (3.74%) contaminated and 62 (8.94%) true positive BC. In our group 24 (38.70%) neonates are from the NICU and 38 (61.30%) are from the ND. 13 (20.96%) of newborns with sepsis died in hospital. Table 1 contains the description of the studied group.
In our group, 32 (51.61%) of neonates had EOS and 30 (48.39%) had LOS. The bacteria being identified and the antibiotics used, if it were the case, are presented in Table 2 . The most common empirical choices of antibiotics for the treatment of neonatal sepsis were Aminoglycoside (in EOS 5, 71.42%; in LOS 7, 22.58%) and Penicillin (in EOS 4, 57.14%; in LOS 12, 38.70%) and for both categories. Of the 24 newborns receiving antibiotic empirical therapy, 16 (66.66%) of them had associations of drug classes (14, 58 .33% received association with 2 classes and 2, 8.33% association with 3 classes). The most common association of drug classes was Penicillin with Aminoglycosides (7, 43.75%).
In Table 3 correlations between 1 min Apgar score, 5 min Apgar score, GA, BW and biochemical parameters are presented.
Acute kidney failure (AKF) is a common clinical problem in NICUs. According to Mathur et al. (2006) , in India, renal failure occurred in 26% neonates with sepsis and Low birth weight is an important risk factor for the development of AKF, a significantly higher number of babies with AKF weighed less than 2500 gm. The mortality was three times higher in neonates with AKF. In Turkey, Agras et al. (2004) found a frequency of 3.4% AKF in the NICU, the premature newborns constituting 31.1% of the cases. The most common condition that contributed to AKF that they found was asphyxia (40.0%) followed by sepsis/metabolic disease (22.2%) and feeding problems (17.8%). In another study, also conducted in Turkey, the prevalence of neonatal AKF was 8.4%. The common cause of AKI was respiratory distress syndrome, followed by sepsis, asphyxia, dehydration, congenital anomalies of the urinary tract, congenital heart disease, and medication. In that case, the overall mortality rate was 23.8% (Bolat et al., 2013) . In Egypt, 40.7% of the AKI cases were born after full-term pregnancy while 59.3% were pre-term babies. The predisposing factors for AKI were sepsis (63%), respiratory distress syndrome (55.6%), mechanical ventilation (51.9%), peri-natal asphyxia (18.5%), dehydration (14.8%), surgical operation (11.1%), congenital heart disease (7.4%), sub-galeal hematoma (3.7%), polycythemia (3.7%) and intra-ventricular hemorrhage (3.7%) (Youssef et al., 2015) . Although the prevalence and mortality rate are different depending on the hospital, the causes remain roughly the same and sepsis is found everywhere. We found a statistically significant negative correlation between a high 1 and 5 min Apgar score and a low value of creatinine. We have also found a statistically significant negative correlation between a high GA and a low value of urea.
Hepatic pathology is common among newborns with sepsis. Jaundice is a wellknown complication of sepsis or nonbacterial infection. Sepsis and bacterial infection are responsible for up to 20% of cases of jaundice in patients of all ages in a community hospital setting (Whitehead et al., 2001) . Sepsis is more likely to manifest with jaundice in infants and children than in adults. Various mechanisms that can lead to hyperbilirubinemia alone during systemic infection are hemolysis, hepatic dysfunction, cholestasis (Chand and Sanyal, 2007) . We found that a high BW and a high GA is significantly negative correlated with a low value of Direct Bilirubin. Another cause of neonatal jaundice is urinary tract infection (UTI). Shahian et al. (2012) found 12.5% of the asymptomatic jaundice neonates with the onset of unconjugated hyperbilirubinemia in the first week of life, and suggested that urine culture should be considered as a part of the diagnostic evaluation of jaundice neonates >3 days of life with an unexplained etiology (Shahian et al., 2012) . On the other hand, Oswari et al. (2013) found that serum gamma-glutamyltransferase (GGT) and AST values can be used to predict the prognosis of patients with sepsis-associated cholestasis (Oswari et al., 2013) . Our results show that there is a positive statistical correlation between BW, GA and GPT, a high BW or a high GA is correlated with a high GPT value. CRP is an acute phase reactant, a protein synthesized and secreted by the liver in response to inflammatory cytokines, specifically IL-6 (Satar and Özlü, 2012) and is commonly used for bacterial sepsis detection in neonates. Still it is not useful as an early phase infection marker and it lacks specificity (Ng and Lam, 2006) . All neonates in our study had a high CRP level, the mean being 8.21 mg/dl. In their study, Zhou et al. (2016) have found a CRP level >0.8 mg/dl in neonates (39.1%) with positive blood culture results and 45.3% of them died within 7 days after birth, a higher prevalence than us (20.96%) (Zhou et al., 2016) . Also, Mannan et al. (2010) found that CRP was raised in 72% of cases of neonates with positive blood culture and only in 4% of control cases, and their study concluded that CRP is the most sensitive method (93%) in culture proven sepsis, 79% in suspected sepsis and its positive predictive value in suspected sepsis amounts to 88%. Hofer et al. (2012) found that a growing body of evidence suggests a link between GA and CRP kinetics with lower baseline CRP values and a lower CRP response to infection in preterm compared to term newborns. All correlations between all independent variables that we studied (1 and 5 min Apgar score, GA, BW) and CRP are negatively correlated, a high value of independent variable is associated with a low CRP value, but it is not statistically significant. Hofer et al. (2012) conclude that CRP has the best diagnostic accuracy when combined with another infection marker like PCT, IL-6, and IL-8, that provides a higher sensitivity during the early phases of sepsis.
The gold standard for diagnostic sepsis is BC but the CRP is also particularly useful for monitoring the response to treatment and guiding antibiotic therapy. The highest level of CRP concentrations is detected during the first day of illness but because sustained proinflammatory action of IL-6, production could be detected until 24 hours after treatment was started. In their study, Janković et al. (2001) found that in the case of non-adequate initial antibiotic therapy of neonatal sepsis, CRP level increases further during the second day, but if the treatment is appropriate in the second day there is a significant decrease of CRP levels. CPR level can be taken as indication for replacement of initial antibiotics during the second day of treatment of sepsis neonates. (Vergnano et al., 2005) .
The appropriate empirical antibiotic selection during neonatal sepsis is based on the likely etiologic pathogens based on epidemiologic surveillance. Cortese et al. (2016) found that for EOS, the recommended empiric therapy as 1 st line is Ampicillin and an Aminoglycoside, and for LOS is Vancomycin and an Aminoglycoside. Also in our study the most used antibiotic was Aminoglycoside followed by Penicillin but for both of type of sepsis.
Conclusions
There is a statistically significant negative correlation between 1 and 5 min Apgar score and creatinine, between Gestational Age and urea, and also between Birth Weight, Gestational Age and Direct Bilirubin. The statistically significant positive correlation is between Birth Weight, Gestational Age and alanine aminotransferase.
